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 Design and Implementation of an Advanced Resources  

Economic and Risk Analysis Course 
  

Abstract 

 

Graduate students in an engineering masters or doctoral program tend to naturally concentrate 

their efforts on the understanding of theoretical issues related to their research area of interest. 

This will frequently lead to a “cultural” shock when they, after concluding their program, enter 

or return to the job market. Commonly these professionals will be asked to analyze, develop 

and/or implement projects based not only on technical premises but also on solid and very well 

supported economic feasibility studies. Frequently the common graduate academic background 

does not prepare students for those tasks. 

 

The importance of a thorough understanding of economic issues is even more noticeable in the 

oil industry, where uncertainties related to oil and gas reserves, prices and government 

regulations make any long-term project extremely risky. 

 

Based on the abovementioned factors, a graduate course was designed and implemented aiming 

to prepare the students to deal with the main economic issues and challenges faced by the oil 

industry. Besides the basics on engineering economics, the course covers advanced material 

related to budgeting, economic decision tools, scheduling and corporate planning, Monte Carlo 

simulation and risk analysis for oil industry projects. Economic analysis of operations, 

production forecasts and its associated costs and expected profits are also studied. 

 

Furthermore, besides the theoretical topics covered, the students are also required to develop a 

project where actual challenges from the oil industry are analyzed under the perspective of the 

risks and uncertainties involved. In the project, the associated costs and economic results also 

have to be determined and scrutinized. All projects are presented in a seminar at the end of the 

course. In addition, a “Newsletter” analyzing current problems, challenges and industry 

development is produced weekly by the group during the duration of the course. 

 

This paper gives details about the course experience, methods used for classroom interaction, 

methodology to choose the project’s topic and participants’ feedback. Examples of projects 

developed and main topics covered by the “Newsletter” are also presented. 

 

Introduction 

 

Most engineering programs across North America
1,2
 have in their core curriculum an 

Engineering Economy course. Petroleum engineering programs generally have in addition a 

course on Oil & Gas Property Evaluation. 

 

On the graduate level, this structure is not always repeated. Masters and Doctoral programs tend 

to concentrate on the core petroleum engineering disciplines. In addition to those courses, 

students may be asked to take courses outside of the department, in advanced mathematics or 

numerical modeling and also other closely related disciplines such as geostatistics, geology and 

geomechanics. 
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The lack of familiarity with engineering economy and the specifics of economic and risk analysis 

for the oil industry may be even more noticeable in graduate students with a non petroleum 

engineering background. It is very common to have in petroleum engineering graduate programs 

students which original bachelor’s degree is mining, civil, chemical or mechanical engineering. 

Those students normally have no background on application of engineering economy to 

petroleum industry projects. 

 

The petroleum industry, as well as the mining industry, carries very high risk in its exploration 

and production projects. In addition to the inherent risky reserves quantification, external factors 

like the always unstable oil and gas market, the constant changes in government regulations and 

the political environment, make mandatory the use of economic and risk analysis for most 

projects under evaluation. 

 

Reference 2 indicated the fast-changing requirements of the oil industry, where there is an 

expectancy that young professionals will be prepared to exercise leadership, deal with business 

issues and implement policies that will contribute to corporate success and profitability. These 

issues were previously mentioned in Ref. 3, where oil industry executives pointed out that, while 

the majority of students are technically well prepared, they lack business related skills and 

knowledge of current major financial challenges faced by the industry. 

 

The course “Advanced Resources Economic and Risk Analysis” was designed having in mind 

the abovementioned set of conditions. The main idea was to (1) give the students a review on the 

basics of Engineering Economy; (2) introduce the students to risk analysis, uncertainty 

evaluation and decision making tools; (3) discuss actual industry cases showing the use of risk 

and economic analysis on a number of industry projects; (4) allow each student to develop a 

project where risk and economic analysis could be used, either on a realistic industry project or 

as part of the research being developed by the student in his/her graduate program. A fifth 

objective was to familiarize the student with the trends of the oil industry and its recent major 

developments. For that matter, a weekly assignment for publication of a “Newsletter” was given 

at the beginning of the course. The “Newsletter” should have news and analysis on the main 

industry developments and challenges. 

 

Course syllabus 

 

The main points discussed in classroom were: 

 

1) The Decision Making Process 

2) Review on Economic Engineering 

3) Risk Analysis 

a. Definition; 

b. Decision tree analysis; 

c. Uncertainty analysis; 

d. Review on probability and statistics; 

e. Sensitivity analysis. 

4) Implementation of Risk Analysis 
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a. Petroleum Engineering applications. 

5) Error and Uncertainty 

6) Case Studies 

7) Government Policies and Regulations 

 

In items 3, 4 and 5 various examples available in the current literature were discussed
4,5,6,7,8

. A 

computer software for Monte Carlo simulation of simple problems was distributed. Students 

were allowed to use the software in their projects although they were strongly encouraged to 

develop more sophisticated tools or use other robust simulation tools available in the computer 

lab. It is important to notice that graduate students in petroleum engineering normally have good 

computer simulation skills since many of the technical disciplines involve the use or 

development of complex simulators. 

 

The course, when taught for the first time, had 11 students enrolled. The group had seven MSc. 

students and four Ph.D. students. Most of the students were from the petroleum engineering 

program, with two students from chemical engineering and one from mining. With few 

exceptions, the group presented in the initial assessment little knowledge about the basics of 

Engineering Economy and about the possibility of using risk analysis tools in various 

engineering processes. Even though they knew about the existence of certain economic and risk 

analysis tools and wish to use it in their research, they faced the issues related to uncertainty 

quantification and its use for project analysis as something unfamiliar and somehow, unattained. 

 

Obviously, due to the small number of students, this appraisal cannot be extrapolated or assumed 

to be representative of petroleum engineering graduate students. However, since most programs 

do not carry courses in these specific subjects, we probably should expect similar lack of 

familiarity from the average graduate petroleum engineering student. 

 

Specific topics in the syllabus where taught using actual examples from the oil industry. For 

example, after going over the theory related to “Decision Tree Analysis,” examples of 

application of the methodology
9,10

 in existent industry problems were discussed in class giving 

the students an opportunity to verify advantages and limitations of the method described. In the 

same way, when looking into the “Decision Making Process,” the concept of EMV (Expected 

Monetary Value) was discussed using actual examples from the literature
11
. 

 

It is important to mention that, even though a number of articles were used in the course, those 

articles were not the main source of information regarding the topics contained in the Syllabus. A 

textbook
12
 covering most of the course’s material was used. The use of the textbook was 

instrumental to provide the students with additional and more in-depth material related to the 

theory covered in classroom. 

 

Projects 

 

The development of a project, where economic and decision analysis should be used, was a 

major point of the course. The idea was to allow the participants to freely propose a topic related 

to their main engineering background, and then use their theoretical knowledge in conjunction P
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with decision analysis theory to develop a project aiming to address economic issues normally 

present in the chosen topic. 

 

Clearly, this was not an easy task. “Engineering problem solving is difficulty to teach”
13
 and a 

challenge for educators
14
. Participants were encouraged to decide on a topic by themselves, with 

the help of their supervisors and the instructor. Various examples of applications of economic 

and risk analysis in the oil and gas industry were given. Students had the first month of course to 

choose a topic and define a plan of action on how to develop their projects. It was important, 

during this initial month, the availability of the instructor to meet with the students in order to 

clarify doubts and refine the plan of action. 

 

Discussion of the projects developed during the course would be very technical and beyond the 

scope of this article. However, it is important to mention that most of the projects developed 

were considered highly creative and above any initial expectations. Most important, the main 

objective of the course, which was to prepare students to deal with engineering economy issues 

that are always present in the oil industry, was reached. Students identified, in their research 

subject, topics that presented technical uncertainties that could have a strong financial impact in 

the outcome of the project. They used their technical knowledge, and economic and decision 

analysis tools, to quantify and handle the uncertainties and to investigate the various possible 

outcomes. 

 

In the two last weeks of the course the projects were presented and evaluated by the instructor 

and the students in a seminar with presentations, questions and discussions. Examples of projects 

developed and how risk and economic analysis were used are listed below: 

� Production Forecasting and Decision Analysis for an Oil Field; 

� This project used actual data from an oil field to simulate its productive life over 

a period of 30 years. In the project decision tree analysis was used to simulate 

various possible scenarios including changes in oil price, Opex and production 

methods. Cash flows for the various scenarios were presented. 

� Uncertainty Assessment by Using Experimental Design and Risk Analysis Techniques, 

Applied to Offshore Heavy Oil Recovery; 

� A Probabilistic Approach in Reserves Estimation; 

� Uncertainty in reserves estimation is inherent to most oil and gas prospects. This 

project showed the existing probabilistic approaches in reserve determination 

and the difficulties for implementation of such methods. Main points discussed 

were uncertainty in capital investment, operating costs and well productivity. 

� Economic Analysis of Athabasca Steam Assisted Gravity Drainage Project; 

� A project closely related to Canadian oil industry that discussed the main risks 

involved in that production technology. It included a model of the project as well 

as key technical drivers that directly reflect on project’s profitability. A sensitivity 

analysis was performed to determine the influence of oil and gas prices and 

operating costs.  

� Economic Feasibility of the CO2 Miscible Flooding Process; 

� This project focused on the application of an EOR (Enhanced Oil Recovery) 

method. It analyzed which economic factors should be considered when 

investigating the possibility of using this method. Various scenarios were 
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simulated and the results used as input parameters for an economic feasibility 

study that indicated whether an EOR project should be implemented or not. 

� Use of Probabilistic Methods and Risk Analysis to Reduce Oil Well Control Problems. 

� This report reviewed methods that use quantitative risk analysis techniques to 

determine reservoir’s pore and fracture pressures and how those methods can be 

used to conduct safer and less costly oil well drilling operations. 

 

To better exemplify, how economic and risk analysis tools were used, let us briefly describe 

what was done in the second project of the above list. This project dealt with the complexities 

existing in the development of heavy oil fields, which is directly associated with the uncertainties 

in the fluid and reservoir characterization. A probabilistic analysis was used to face these 

expected uncertainties. 

 

The approach proposed used experimental design techniques to determine the parameters that 

have large contribution to the Net Present Value (NPV) of the oil field being analyzed. In the 

example presented, NPV was estimated based on the accumulated oil production simulated over 

a period of 30 years. An uncertainty analysis was done using the probabilities associated with 

each of the uncertain parameters. Decision tree technique was used to map all possible outcomes 

and then to estimate the Expected Monetary Value (EMV).  

 

A program was written to manage the input/output files of a commercial reservoir simulator. The 

program was used to run a total of 1,728 simulations and estimate the NPV for each one of those 

parameter combinations. On a second analysis, the uncertainty density distribution was derived 

based on the histogram of the NPV results and the most probable economic outcome for that 

particular oil field was determined. 

 

With a few exceptions, most of the projects presented the same level of complexity and creativity 

of the abovementioned work and incorporated technical disciplines with engineering economy 

and decision analysis. Less interesting projects presented were the ones where a mere literature 

review of a certain topic was offered with some indication of the possible use of risk analysis 

tools for that particular subject. 

 

The Newsletter 

 

Besides connecting the students with real issues of the oil and gas industry, the “Newsletter” had 

the objective of being a fun instructional tool that would raise the interest on non-technical issues 

related to their profession, including politics and economics. Sources for the Newsletter were 

newspapers, magazines, other actual online newsletters, and different internet sources. 

 

Groups of two students, with the exception of one student that worked alone, edited the 

newsletter on a weekly basis producing twelve issues during the term (two per group). 

Facsimiles of the front page of two newsletters are presented in Appendix A.  

 

The newsletters were distributed among the students and selected professionals from Academia 

and Industry. Their feedback on the main important points of each issue was constantly 

forwarded to the students. Many important issues related to the oil industry were featured on the 
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newsletters including political issues, environmental regulations, oil and gas prices, new ventures 

and financing and specific regional issues related to Canada, North America, Africa and Middle 

East. 

 

A specific assessment of the Newsletter’s influence on students’ interest for economic issues 

related to the oil industry was not performed. 

 

Course Evaluation 

 

Course evaluation is mandatory in most of North American universities. The results of the course 

evaluation presented here should be analyzed considering that the course was taught for the first 

time to a reduced (11) number of students. The evaluation was made anonymously and without 

the presence of the instructor. 

 

In the evaluation the students responded to a multiple choice questionnaire and also were 

encouraged to write answers to 3 questions. The questionnaire had 15 statements and the 

students used a scale from 1 to 5 to demonstrate agreement or disagreement with each statement. 

In the way the statements were presented, statements receiving high marks indicated appreciation 

for the course and/or instructor, while low marks indicated problems with the course. Ten 

statements had the maximum possible average mark (5), four statements averaged 4.9 and one 

statement averaged 4.8. As mentioned before, these good results do not allow any conclusion 

since it came from just one course and a small number of students. 

 

The three non multiple choice questions were partially responded by eight students. Some 

ignored the questions and just wrote general comments. All significant answers or comments are 

listed below. “Nice” but meaningless comments about the course and/or the instructor were 

omitted. 

 

� Which aspects of the course did you like the best? 

� Organized and informative. 

� Risk analysis methods. 

� Real case examples, Newsletter. 

� Project presentation. 

� Content of the course, overview on oil industry economics. 

� Decision tree analysis, cash flow. 

� Which aspects of the course did you like least? 

� Final exam. 

� Newsletter ( not necessary.) 

� Comment on general course quality. 

� Connected to industry. 

� Could be improved on Monte Carlo simulation. 

 

Conclusions 

 

A graduate course was developed with the main objective of allowing engineering graduate 

students, mainly the ones working in natural resource areas such as mining and petroleum, to 
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incorporate in their education economic and decision analysis tools that are considered extremely 

important for modern professionals. 

 

The course carries a review on the basics of engineering economy and an advanced treatment of 

decision analysis topics. An individual project developed by the student is the highlight of the 

course and allows a truly interface between the conventional technical knowledge and economic 

and risk analysis. 

 

The initial experience with the course indicated that economic and decision analysis tools can 

effectively be used to create opportunities for students to solve actual engineering problems 

while developing deeper learning and preparedness for a career in the industry. 

 

The results presented in the individual projects indicated that students had acquired the skills 

intended in the new course. However, in order to better support this conclusion, the effectiveness 

of the course needs to be assessed in future classes so as to have a more robust database. The 

course is being taught again (Winter, 2006) but not on time to have its results published in this 

paper. 
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